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ABSTRACT 
This work evidences the expediency of marinade application based on blends of refined vegetable oils in the technology of 
natural marinated semi-finished meat products. Formulations of natural marinated semi-finished meat products using blends 
of refined vegetable oils (rapeseed, olive, and sunflower) enriched with the enzyme bromelain were developed in this work. 
Such formulations can provide the human body with the necessary amount of protein, released by enzymatic hydrolysis of 
the connective tissue proteins collagen and elastin catalyzed by the plant-based enzyme bromelain, as well as the necessary 
ω-3 and ω-6 polyunsaturated fatty acids, which are not synthesized in the human body but sourced from food and are one of 
the main structural units for many vital processes. The article presents the results of a study of organoleptic and 
physicochemical parameters of natural marinated semi-finished meat products from beef and pork. It is confirmed that the 
use of rapeseed oil and rapeseed:sunflower oil blend in a ratio of 70:30 produce the best organoleptic characteristics in both 
semi-finished beef and semi-finished pork: a tender, juicy texture, a pleasant taste and aroma, and an attractive appearance. 
It has been proven that the use of marinades based on blends of refined vegetable oils reduces the free moisture content and 
moisture-retaining capacity of the product, due to the presence of refined vegetable oils in the marinade, which contributes 
to the binding of moisture. The use of marinades based on refined vegetable oils can increase product yield. Vegetable oil, 
when used in meat marinade, mitigates the ill effects of acid inclusion. It dissolves well the aromas of added spices, and as it 
seeps through the structure of the meat, the oil gently envelops it, sealing in moisture and preventing drying out during 
cooking. 
Keywords: natural marinated semi-finished meat products; blends; vegetable oils; organoleptic parameters; 
physicochemical parameters
INTRODUCTION 
 Improving the technology of natural marinated meat 
products is a very important issue because the pace of 
human life changes very quickly and increases every day. 
This leads to a deterioration of the diet, which in turn is 
harmful to human health. 
 Moreover, due to the insufficient quantity of raw meat 
produced in Ukraine, there is a need to create food that will 
have a higher yield and provide the human body with the 
necessary amount of protein and micronutrients (Sukhenko 
et al., 2017). Therefore, it is necessary to create products 
that can be cooked rapidly, without losing their biological 
and nutritional value (Koh, 2005). 
 For that reason, it is necessary to use meat with a high 
content of connective tissue for the production of marinated 
semi-finished meat products, as it is less expensive than 
traditional raw materials used for semi-finished products. In 
this manner, the cost of the product can be reduced. 
 Thus, there is an urgent need for meat products of high 
nutritional and biological value, which are balanced in fatty 
acid composition and rapid to cook. Once this problem is 
solved, the range of natural marinated meat products can 
also be expanded (Mushtruk et al., 2020b). 
 Scientists from all over the world are turning their 
attention to creating products that are quick to prepare and 
have a positive effect on the human body without losing 
their biological and nutritional value. In particular, the 
following domestic and foreign scientists are working in 
this area of research: L. Vinnikova, V. Yevlash, L. 
Caprelyants, M. Klimenko, I. Radzievska, A. Belinska, В. 
Pasichny, G. Simakhina, N. Tkachenko, A. Nechaeva, L. 
Diaz, W. Schnackel, F. Jemenez-Colmenero, I. Yilmaz, T. 
Dzudie and others (Kolyanovska et al., 2019). However, 
there is a need to continue research in this area, namely on 
the ingredients that increase the biological and nutritional 
value of products, as well as the effect of these ingredients 
on finished products, in particular the effect of blends of 
refined vegetable oils enriched with bromelain on the 
properties of natural marinated semi-finished meat products 
(Mushtruk et al., 2020a). 
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 Vegetable oils are an important component of the diet. It 
has been shown that reducing the proportion of fat in the 
diet from 37% to 30% of total calories can prevent 
approximately 2% of deaths from cardiovascular disease 
among people over 65 years of age. Nevertheless, avoiding 
total fat is not the best strategy for the human body. The best 
option is to balance the consumption of unsaturated (oils) 
and saturated fats. This can be achieved by introducing 
unsaturated fats into the product, balanced in fatty acid 
composition. In nature, oils with a balanced fatty acid 
composition do not exist, which raises the question of 
mixing (blending) (Tyshchenko et al., 2019; Belinskaya, 
2011). 
 World Health Organization (WHO) statistics show that 
15% – 30% of the total energy required for the normal 
functioning of the human body should come from the 
consumption of dietary fats: 10% from saturated fatty acids, 
6% – 10% from polyunsaturated fatty acids (5% – 8% ω-6, 
1% – 2% ω-3), 10% – 15% from monounsaturated fatty 
acids and less than 1% from the consumption of trans-
isomers of fatty acids. Scientists have proved that the most 
useful for the human body are two-chain polyunsaturated 
fatty acids, which are not synthesized in the body but can 
only be sourced from food. Especially important is the ω-
6:ω-3 ratio, which for a healthy person is 10:1 
(Domaretskyy and Ostapchuk, 2003; Gubsky, 2000). 
 Many studies have confirmed the important role of a 
balanced ratio of ω-6: ω-3 fatty acids, which are involved in 
many biochemical processes in the human body, which 
reduces the risk of serious diseases, especially 
cardiovascular disease, cancer, osteoporosis, diabetes, and 
others. The amount of polyunsaturated fatty acids is greater 
in vegetable oils than in products of animal origin, so the 
inclusion of these products in the diet is necessary (Brenna, 
2002; Proust, Lucas and Deawailly, 2014; Tvrzická et 
al., 2009). 
 The creation of blends from different types of oils is 
already very popular in Europe, but the culture of 
consumption of such products is not yet sufficiently formed 
among Ukrainians. Nevertheless, products of this type are 
already appearing on the shelves of Ukrainian stores 
(Sukhenko et al., 2020). The diet of Ukrainians is 
dominated by oils containing fatty acids of the ω-6 family, 
mostly sunflower oil, and almost excludes products rich in 
acids of the ω-3 family, such as flaxseed, rapeseed, pumpkin 
and walnut oils. However, to increase the biological and 
physiological value of oils by regulating the ω-6:ω-3 ratio 
within the PUFA content, oils can be mixed or blended 
(Okara, Zemlyak and Kalenik, 2009; Krychkovska, 
Belinska and Zhulinska, 2010). 
 Adding marinades for natural marinated semi-finished 
meat products based on blends of refined vegetable oils 
gives the products the desired consistency; allows 
determination of the energy value; maintains product yield 
and ensures the formation of taste and aroma of the product. 
Moreover, enrichment of blends with the enzyme bromelain 
will accelerate the maturation and softening of meat by a 
factor of 2 – 2.5 (Nechaev, Traubenberg and 
Kochetkova, 2007). 
 The goal of this research was to analyze the effect of 
marinade components based on blends of vegetable oils 
using the enzyme bromelain on the organoleptic and 
physicochemical parameters of natural marinated semi-
finished meat products. The following specific aims were 
further defined: to develop recipes for pickled semi-finished 
products and to study the influence of marinade components 
on organoleptic and physicochemical parameters of 
marinated semi-finished products. 
 
Scientific hypothesis  
 The research hypothesis was based on the assumption that 
marinades based on blends of vegetable oils enriched with 
the enzyme bromelain can have a positive effect on the 
organoleptic and physicochemical parameters of semi-
finished products. The objects of the study were marinades 
based on vegetable oils: rapeseed, blend, 
sunflower:rapeseed (70:30) and blend, sunflower:olive 
(80:20). According to the results, it is stated that semi-
finished products using a marinade based on pure rapeseed 
oil and a blend of sunflower (70%): rapeseed (30%) have 
the best organoleptic characteristics. It is proved that the use 
of marinades based on blends of vegetable oils reduces the 
amount of moisture in the product and increases the fat 
content, which affects the shelf life of the product. 
 
MATERIAL AND METHODOLOGY 
Samples 
 In this article, 8 samples were examined: 4 samples using 
pork and 4 samples from beef. Sample 1 – pork without 
marinade. Sample 2 - pork with a marinade based on 
rapeseed oil. Sample 3 – pork with a marinade based on a 
blend of oils (sunflower: rapeseed = 70:30). Sample 4 – 
pork with a marinade based on a blend of oils (sunflower: 
olive = 80:20). Sample 5 – beef without marinade. Sample 
6 – beef with a marinade based on rapeseed oil. Sample 7 – 
beef with a marinade based on a blend of oils (sunflower: 
rapeseed = 70:30). Sample 8 – beef with a marinade based 
on a blend of oils (sunflower: olive = 80:20). 
Chemicals 
 To determine the protein content in the prepared samples 
using the following chemical reagents:  
 Sulfuric acid H2SO4, (Inter-Synthesis Limited, Liability 
Company, Ukraine, chemically pure for analysis). 
 Copper sulfate catalyst CuSO4, (Inter-Synthesis, Limited 
Liability Company, Ukraine, chemically pure for analysis). 
 Inorganic sulfuric acid salt Na2SO4, (Inter-Synthesis, 
Limited Liability Company, Ukraine, chemically pure for 
analysis). 
 Sodium hydroxide NaOH, (Inter-Synthesis, Limited 
Liability Company, Ukraine, chemically pure for analysis). 
 Boric acid H3BO3, (Inter-Synthesis, Limited Liability 
Company, Ukraine, chemically pure for analysis). 
 Petroleum ether was used to determine the fat content in 
the prepared samples. 
Animals and Biological Material: 
 We used beef grade II and pork grade II, with a high 
content of connective tissue. 
Instruments 
The following tool was used to determine the moisture 
content in the prepared samples:  
Analytical balance (Radwag AS 220/C, (Inter-Synthesis, 
Limited Liability Company, Ukraine). 
Drying cabinet SNOL 58/350, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
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Boxes aluminum laboratory, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Desiccator without tap 2-180, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
To determine the protein content in the prepared samples 
used the following equipment:  
Analytical balance Radwag AS 220/C, (Inter-Synthesis, 
Limited Liability Company, Ukraine). 
Drying cabinet SNOL 58/350, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Boxes (aluminum laboratory, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Desiccator without tap 2-180, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Velp mineralizer DKL8, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Distillation apparatus UDK 129, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Folded burette with tap Сlass A 25 mL-0.1, (Inter-
Synthesis, Limited Liability Company, Ukraine). 
The fat content in the prepared samples was determined 
on a Soxhlet apparatus, as well as a drying cabinet, boxes, 
desiccator, paper bags made of filter paper. 
To determine the ash in the samples, the following 
equipment was used:  
Analytical balance Radwag AS 220/C, (Inter-Synthesis, 
Limited Liability Company, Ukraine). 
Porcelain crucible tongs No2, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Desiccator without tap 2-180, (Inter-Synthesis, Limited 
Liability Company, Ukraine). 
Laboratory Methods 
 The authors used the following laboratory research 
methods: 
DSTU 4823.2 (2007) – Meat products. Organoleptic 
evaluation of quality indicators. 
DSTU ISO 1442 (2005) – Meat and meat products. 
Moisture content method (control method). 
DSTU ISO 937 (2005) – Meat and meat products. 
Determination of nitrogen content (control method). 
DSTU ISO 1443 (2005) – Meat and meat products. 
Method for determination of total fat content. 
DSTU ISO 936 (2008) – Meat and meat products. 
Method for determining the mass fraction of total ash. 
Description of the Experiment 
The main purpose of the presented experiment is to 
determine the effect of marinades based on blends of 
vegetable oils enriched with the enzyme bromelain on the 
physicochemical and organoleptic characteristics of natural 
marinated meat semi-finished products. The content of 
moisture, protein, fat, and ash, moisture-holding, capacity, 
as well as organoleptic parameters were determined: 
appearance, sectional view, color, taste, aroma, consistency, 
and juiciness. 
 Number of samples analyzed: For research, 8 samples 
were prepared, 4 samples using pork, and 4 samples from 
beef. 
 Number of repeated analyses: All measurements of 
instrument readings were performed 10 times. 
 Number of experiment replication: The number of 
repetitions of each experiment to determine one value was 
also 10 times. 
  
Statistical Analysis   
 Mathematical and statistical processing of experimental 
data was carried out in determining the criteria of Cochran's 
C test, Fisher, and Student's t-test. The accuracy of the data 
was determined using the Cochrane criterion, and the 
adequacy of the mathematical model was checked using the 
Fisher and Student criteria. Statistical processing was 
performed in Microsoft Excel 2016 values were estimated 
using mean and standard deviations and subsequently 
evaluated in the statistical program XL Stat. In hypothesis 
testing, if the p-value is lower than the significant level, in 
the case of XL Stat software by Addinsoft (version 
2019.3.2), it is 0.05, the null hypothesis was rejected and the 
alternative hypothesis was confirmed. 
 
RESULTS AND DISCUSSION 
 Traditionally, marinated semi-finished products are made 
from the tender parts of the carcass, which have a significant 
amount of muscle protein and a small amount of fat. The 
scapular part of the carcass, which has a high content of 
connective tissue, was selected for the study. Similar 
scientific researches are described in works (Benzik et al., 
2020; Zhumanova et al., 2018; Keniiz et al., 2019). 
 To reduce the toughness of the meat, we add the enzyme 
bromelain to the marinade, which can hydrolyze connective 
tissue proteins such as collagen and elastin. Scientific 
studies (Yang et al., 2018; Doneva et al., 2018; Cai et al., 
2018) describe similar studies using other enzymes, which 
in our opinion are not rational to use due to their high cost. 
As a result, we can obtain a tender, juicy product from tough 
meat that is easily digested by the body. Moreover, the use 
of vegetable blends will retain moisture in the product 
during heat treatment, as well as increase product yield. In 
scientific works (Park et al., 2019; Shin et al., 2019; 
Łopacka, Półtorak and Wierzbicka, 2016; Erdaw et al., 
2016) conducted more in-depth research on the use of 
various enzymes and their effects on the physicochemical 
properties of raw meat. 
Recipes for natural marinated meat products differ based 
on marinades. In scientific works (Nesterenko et al., 2017; 
Jinap et al., 2018; Wang et al., 2018) research and recipes 
of various marinades, both for meat raw materials and for 
various kinds of seafood are carried out. It should be noted 
that when using different types of marinades there was a 
change in the organoleptic properties of the finished 
product. Due to the addition of marinade, there is a decrease 
in the amount of basic raw materials compared with the 
control sample, which does not include marinade. This will 
save significant funds in the manufacturing of the product 
(Table 1, Table 2). Recipes for marinades are given in the 
patents of Ukraine for the utility model "Marinade based on 
vegetable oils" No 134474, No 134475, No 134476 
(Shtonda and Semeniuk, 2019a; Shtonda and Semeniuk, 
2019b; Shtonda and Semeniuk, 2019c). 
Scientific research (Semeniuk and Shtonda, 2021) 
describe influence of fatty acid structure of vegetable oils 
on physical and chemical indicators of quality of blends 
vegetable oils. 
Preparation of the marinade based on blends of vegetable 
oils and the introduction of the enzyme bromelain increased 
the product yield and improved the digestibility compared 
with control samples. 
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Organoleptic evaluation of natural marinated semi-
finished meat products was conducted in the form of a 
tasting, which was attended by teachers and students of the 
Department of Meat, Fish and Seafood Technology of the 
National University of Life and Environmental Sciences of 
Ukraine. The following indicators were determined: 
appearance, sectional view, color, aroma, taste, consistency, 
and juiciness. The organoleptic evaluation was performed 
and scored on a five-point scale (Figure 1, Figure 2). 
As a result of the organoleptic evaluation of marinated 
semi-finished pork products, it was found that the best 
indicators were found in samples treated with marinades 
based on pure rapeseed oil (sample No1) and a mixture of 
rapeseed (30%) and sunflower (70%) oil (sample No2). 
These samples possessed a delicate, juicy consistency, a 
clear appearance in the cut, and a pleasant taste and aroma. 
Scientific articles (Suárez et al., 2021; Trabelsi et al., 
2018; Obajuluwa et al., 2020; Jung et al., 2018) presents 
several experimental studies concerning the use of 
marinades based on olive, corn, soybean, and peanut oils in 
various combinations and ratios. We performed several 
experiments and found that some samples did not have a 
juicy consistency and an unpleasant taste and aroma  
(a mixture of corn and soybean oils). 
The organoleptic evaluation of marinated semi-finished 
beef products showed that the best base for the marinade 
was a mixture of rapeseed (30%) and sunflower (70%) oils 
(sample No6).  
Chemical composition is one of the main indicators that 
affects the quality of the product. Chemical composition 
studies were performed on the first day of storage of natural 
marinated semi-finished meat products (Table 3). Scientific 
papers (Ivankin et al., 2020; Lorenzo et al., 2018; Reis et 
al., 2018; Smetanska et al., 2021) describe a number of 
experimental studies on the chemical composition of natural 
marinated meat semi-finished products, but they were 
conducted on the third, fifth and tenth days of storage. 
The results of the study of the chemical composition show 
that for marinated semi-finished products in comparison 
with the control sample there is a decrease in the amount of 
moisture and an increase in the amount of fat in the product 
due to the presence of oil in the marinade. This helps to 
increase the shelf life of the product. 
 
 
 Figure 1 Organoleptic evaluation of marinated semi-finished pork products. 
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A decrease in the amount of free moisture in the product 
leads to an increase in the moisture-binding capacity 
(Shtonda and Semeniuk, 2018; Makarenko et al., 2021) 
and, accordingly, to a decrease in the moisture-holding 
capacity (Figure 3, Figure 4). 
The use of vegetable oil blends in the marinade not only 
ensures the balance of the product in terms of fatty acid 
composition but also increases the yield of the product 
(Figure 5, Figure 6). 
It was found that the product yield after heat treatment 
increased by 19.17% – 63.58% for semi-finished pork 
products relative to the control sample and by 0.76% – 




 Six recipes for marinated semi-finished products have 
been developed: three recipes using pork and three recipes 
using beef. As a result of the research, it was found that 
semi-finished products using a marinade based on a pure 
rapeseed oil and sunflower blend (70%): rapeseed (30%) 
have the best organoleptic characteristics. We have shown 
that the use of marinades based on blends of vegetable oils 
leads to a decrease in the amount of moisture in the product 
and an increase in fat content, which affects the shelf life of 
the product. The possibility of reducing the duration of 
production of natural marinated semi-finished meat 
products by a factor of 5 due to the introduction of enzyme 
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